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Gas trapping has been suggested to be common in healthy newborns in the immediate postnatal period. To 
determine the veracity of that finding, functional residual capacity (FRC) and thoracic gas volume (TGV) 
were measured in such a population and the FRC:TGV ratios were related to measurements of airway 
resistance (RAW). FRC was assessed by a helium gas dilution technique, TGV and RAW by plethysmography. 
Twenty-four healthy infants born at term were studied at a median age of 2 days (range 1-5 days). None had 
respiratory problems, nor had their mothers undergone invasive antenatal procedures. Their median FRC, 
which was 27.1 (range 23.8-32.0) ml kg-‘, was significantly lower than their TGV (median 29.8, range 
26-33 ml kg-‘, P<O.Ol). The mean ‘within subject’ difference between FRC and TGV was 2.5 (range 
0.3-5.5) ml kg-‘. The median FRC:TGV ratio was 0.93 (range 0.82-0.99). Eight infants had an FRC:TGV 
ratio less than 0.9, two of whom were studied on the first postnatal day. No infant with a low (~0.9) 
FRC:TGV ratio had an abnormal RAW. The differences between FRC and TGV demonstrated in this study 
were smaller than documented in earlier series, suggesting the degree of gas trapping may previously have been 
over-estimated. 
Introduction 
Significant gas trapping has been defined as a 
greater than 10% discrepancy in the functional 
residual capacity to thoracic gas volume 
(FRC:TGV) ratio (1). Many premature infants 
measured at follow-up, particularly those who are 
symptomatic, have an FRC:TGV ratio lower than 
that value and this is associated with an elevated 
airways resistance (RAW) (2). Following broncho- 
dilator administration, the FRC:TGV ratio 
increased in many of the cohort (3). These findings 
(2,3) may indicate that certain premature infants 
have evidence of trapped gas. In the perinatal 
period, however, apparently healthy babies have 
been reported to have marked discrepancies in their 
FRC and TGV results, differences of between 
25-60% being reported (4). These data, therefore, 
may suggest that interpretation of the FRC:TGV 
ratio in infancy might be different to that in adult- 
hood. In the earlier study (4), relatively high values 
of both TGV and FRC were documented, and FRC 
was assessed by a nitrogen washout method. Thus, 
methodological problems cannot be excluded. In 
this study of healthy newborns in the perinatal 
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period, the FRC:TGV ratio was measured (using a 
helium gas dilution and a plethysmographic tech- 
nique respectively). The aim of this study was to 
assess the discrepancies between individuals’ FRC 
and TGV results and whether these related to 
abnormalities of RAW. 
Methods 
Newborns born at term and who suffered no 
respiratory problems in the immediate perinatal 
period were eligible for entry into the study. Infants 
were excluded if their mothers had undergone any 
invasive antenatal investigation, as these are known 
to affect lung function (5,6). Measurements from 
eligible consecutive infants who had been recruited 
as controls into a trial examining the effects of first 
trimester chorion villus sampling and amniocentesis 
were utilized in this study. Lung function measure- 
ments (see below) were made in the first week of life 
in the Paediatric Respiratory Laboratory. Measure- 
ments were performed approximately 30 min after a 
feed and no infant was sedated. TGV, RAW and 
FRC were measured during quiet sleep, that is, 
when the infant showed regular respiration with 
absence of gross body movement or rapid eye 
movement (7). 
0954.6111/95/060429+05 $08.0010 0 1995 W. B. Saunders Company Ltd 
430 B. Yiiksel and A. Greenough 
LUNG FUNCTION MEASUREMENTS 
TGV and RAW were measured using a whole body 
plethysmograph (Department of Medical Engineer- 
ing, Hammersmith Hospital, London) with a total 
volume of 90 1. The infant breathed through a face 
mask which was connected to the rebreathing bag via 
a heated pneumotachograph. The face mask was 
sealed around the infant’s nose and mouth using 
silicone putty to ensure an airtight seal. The infant 
breathed through a heated, humidified rebreathing 
system to avoid box pressure changes due to heating 
and cooling of respired gas. TGV was measured at 
the end of normal inspiration and RAW at two-thirds 
of maximum inspiratory flow, using the techniques of 
DuBois et al. suitably modified for infants (X,9). TGV 
was calculated from 5 breaths during occlusion and 
the reported value was adjusted to end expiratory 
lung volume; five separate occlusions were made. 
RAW was calculated from 10 breaths. Measurements 
were corrected for the apparatus dead space which 
included the face mask (15 ml) and its resistance 
(8 cmH,Ol-’ s-‘) measured at flows of between 
5-15 1 min-‘. The calibration of the plethysmograph 
was performed as described previously (10). RAW 
results were compared to a previously published 
reference range (1 l), thus a RAW greater than 
32 cmH,O l- i s - i was defined as abnormal, as 
it was above the 95% confidence interval of the 
reference range (11). 
Following TGV and RAW measurements, FRC 
was measured by a helium gas dilution technique 
using a water-sealed spirometer with a total volume 
of 6 1 (Gould Pulmonet III) (10). The measurements 
were made with the infant in a semi-supine position, 
held by the mother or laboratory technician. The 
infant breathed through a face mask which was held 
firmly in place to prevent leaks. The water-sealed 
spirometer incorporates a digital display of FRC, this 
was recorded at 15-s intervals. The measurements 
continued until there had been no change in the 
readout for 30 s, at which time equilibration was 
assumed. All the traces were coded and analysed 
without knowledge of clinical details. From the trace, 
the equilibration point and end expiratory level were 
determined and the FRC thus calculated. The result 
was corrected for the dead space of the face mask 
(10 ml) and then converted to body temperature, 
pressure and saturated conditions. 
The repeatability of the lung function measure- 
ments had previously been assessed in 15 infants, 
whose median age was 2 days, and calculated accord- 
ing to the method of Bland and Altman (12). TGV, 
RAW and FRC measurements were made on the same 
visit to the Paediatric Respiratory Laboratory, FRC 
measurements being made after completion of the 
plethysmographic measurement. From each neonate, 
the maximum and minimum results of TGV from the 
five occlusions were selected. The difference between 
these was calculated for each subject, the sum of 
these differences squared was then divided by the 
number of subjects, the square root of this result gave 
the standard deviation (SD) of the difference. The 
coefficient of repeatability was calculated as twice the 
SD. Paired FRC measurements were made: the mean 
difference between these paired measurements 
was 1.3 ml kg-‘. The coefficient of repeatability 
for TGV was 14.8 ml (5.2ml kg-‘); for RAW 
9.2 cmH,O l- ’ s - ’ and for FRC 22.4 ml (6.8 ml 
kgg’). 
ANALYSIS 
Differences were assessed for statistical significance 
using the Wilcoxon-signed rank test or Mann- 
Whitney test as appropriate. The limits of agreement 
between measurements were assessed using the 
method described by Bland and Altman (12). 
PATIENTS 
Twenty-four infants (10 males, 14 females) were 
studied. None had required admission to the Neo- 
natal Intensive Care Unit or were of low birthweight 
(~2500 g). They had a median birthweight of 3.3 kg 
(range 2.54.39 kg) and gestational age of 39.5 weeks 
(range 3741 weeks). They were studied at a median 
of 2 days of age (range 1-5 days) (Table 1). This 
study was approved by the Ring’s College Hospital 
Ethics Committee and parents gave informed 
consent. 
Results 
The median FRC (27.1 ml kg- ‘) was significantly 
lower than the median TGV (29.8 ml kg- ‘) (P<O.Ol) 
(Table 1). The median ‘within subject’ difference 
between FRC and TGV was 2.2 ml kg - ’ (range 
0.3-5.5 ml kg- ‘) (Fig. 1). The median RAW of the 
cohort was 20 cmH,O l- ’ s- ‘. Only one infant had 
a RAW above the 95% confidence interval of the 
reference range, that infant had an FRC:TGV ratio 
of 0.95. 
Eight patients had an FRC:TGV ratio below 0.9, 
their median RAW was 20 cmH,O 1~ ’ s - ’ (range 
16-32 cmH,O 1~ ’ s - ‘), which did not differ signifi- 
cantly from that of the rest of the cohort (median 
20 cmH,O 1 - ’ s - ‘, range 1433 cmH,O l- ’ s ~ ‘). 
There was no significant difference in the time to 
equilibration during the FRC measurement between 
infants with an FRC:TGV ratio CO.9 (median time 
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Table I Patient characteristics and lung function results 
Difference 
between FRC 
PN age BW Type of FRC FRC TGV TGV and TGV RAW 
(days) (kg) delivery (ml) (ml kg- ‘) (ml) (ml kg- ‘) (ml kg - ‘) FRC:TGV cmH,O 1-l s-r 
1 2.58 SVD 70 27.1 15 29.0 1.9 0.93 25 
3 3.75 SVD 96 25.6 104 28.0 2.4 0.92 18 
2 2.70 SVD 80 29.6 82 30.4 0.8 0.97 16 
3 2.50 SVD 65 26.0 74 296 3.6 0.88 32 
2 2.80 CS 90 32.0 92 33.0 1.0 0.98 23 
2 3.96 SVD 100 25.2 101 26.0 0.8 0.99 14 
1 3.23 SVD 90 27.9 105 32.5 4.6 0.86 20 
3 3.28 CS* 85 25.9 89 27.0 1.1 0.95 22 
2 3.24 CS* 90 27.7 91 28.0 0.3 0.99 17 
3 2.93 CS 80 27.3 88 30.0 2.7 0.91 20 
2 3.66 SVD 100 27.3 106 29.0 1.7 0.94 25 
2 3.70 cs* 104 28.0 110 30.0 2.0 0.94 20 
2 3.50 SVD 100 28-6 110 31.4 2.8 0.91 17 
3 3.60 SVD 90 25.3 109 30.6 5.3 0.83 21 
3 3.33 SVD 90 27.0 98 29.4 2.4 0.92 26 
2 3.42 SVD 90 26.3 103 30.1 3.8 0.87 17 
2 3.31 SVD 90 21.2 93 28.0 0.8 0.97 20 
5 3.28 CS 90 274 101 30.8 3.4 0.89 24 
2 3.10 SVD 77 24.8 94 30.3 5.5 0.82 16 
1 3.36 SVD 80 23.8 93 27.6 3.8 0.86 18 
3 3.68 SVD 90 24.4 97 26.4 2.0 0.93 16 
2 2.66 SVD 70 26.3 82 30.8 4.5 0.85 18 
2 4.39 cs* 132 30.1 140 31.9 1.8 0.94 21 
2 3.18 SVD 80 25.2 85 26.7 1.5 0.94 33 
PN age, Postnatal age; BW, Birthweight; CS, Caesarian section; SVD, Spontaneous vaginal delivery; *Caesarian section 
carried out in labour. 
24 25 26 27 28 29 30 31 32 33 
Average of FRCH,, TGV (ml kg-‘) 
Fig. 1 Differences between FRC,, and TGV plotted 
against the average of FRC,, and TGV. The solid horizon- 
tal line represents the mean difference and the dotted lines 
represent two standard deviations from the mean. 
60 s, range 45-75 s) and an FRC:TGV ratio >0.9 
(median time 60 s, range 45-90 s). 
Only three infants were measured in the first 24 h, 
their median FRC:TGV was 0.86 (range 0.86-0.93) 
which was lower than that of the rest of the cohort 
(0.93, range 0.82-0.99) but this difference did 
not reach statistical significance. The FRC of the 
spontaneous vaginally-delivered infants was lower 
(median 26.3 ml kg ~ r, range 23.8-29.6 ml kg- ‘) 
than those born by caesarian section (28.3 ml kg- ‘, 
range 25.9932ml kg-‘), P~0.02. In addition, TGV 
was lower in the infants born by vaginal delivery 
(median 29.2 ml kg - ‘, range 2632.5 ml kg - ‘) 
than those born by caesarian section (median 
30.1 ml kg-‘, range 27-33 ml kg- ‘) (P=O.31). The 
seven infants who were delivered by caesarian 
section had a higher FRC:TGV ratio (median 0.94, 
range 0.89-0.99) than those delivered vaginally 
(median 0.92, range 0.82-0.99), (P=O.O8). 
Discussion 
The higher FRC:TGV ratio in infants delivered by 
casesarian section was of surprise to the authors. 
Caesarian section has been associated with delayed 
clearance of lung liquid leading to transient tachyp- 
noea of the newborn. When severe, such infants 
would be predicted to have gas trapping and hence a 
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Table 2 FRC and TGV results previously published 
Postnatal 
age (weeks) 
FRC 
(ml kg ‘) 
TGV 
(ml kg - ‘) 
Geubelle et al. 1959 (20) 
Auld et al. 1963 (21) 
Dinwiddie 1972 (16) 
Hjalmarson et al. 1974 (22) 
Ronchetti et al. 1975 (18) 
Olinsky et al. 1976 (23) 
Stocks et al. 1977 (11) 
Milner et al. 1978 (24) 
Henderson-Smart et al. 
1979 (25) 
(O.OZ.9) 
(-3) 
(0.054) 
(0.56) 
(O.lL30) 
Mean 0.39 
(0.01-0.9) 
(0.3-2.4) 
26.5 (He) 
22.2 (NJ 
29 (w 
22.3 (H3) 
33.8 
32.2 
35.7 
33.4 
(22.7-37) 
He, FRC measured by helium gas dilution; N,, FRC measured by nitrogen washout. 
low FRC:TGV ratio. However, in this study, infants excluded from gas mixing during the study period. 
with no evidence of respiratory problems were delib- To try and minimize such an error, ‘FRC 
erately chosen. In addition, three infants delivered by equilibration’ was only accepted when there had been 
caesarian section had experienced labour prior to no change in the digital readout for 30 s. Using such 
delivery (Table l), thus only minimal lung liquid a definition, median equilibration time of 60 s was 
retention would be expected in such a group. The observed, which is longer than that reported by 
findings of this study are not incompatible with those Ronchetti et al. (18), who found the dilution time for 
of Boon et al. (13,14) as, although they reported helium within the newborn lung to be between 
infants born by caesarian section to have lower TGV 2348 s. No significant differences were found in 
and higher total pulmonary resistance than those the equilibration time between infants with an 
delivered vaginally, those differences were only highly FRC:TGV ratio above or below 0.9 in this study. As 
significant in the first 6 h and failed to reach signifi- the digital display was only recorded at 15 s intervals, 
cance by 48 h. The majority of our cohort were small differences in the equilibration time between 
studied after 48 h of age. groups can not, however, be excluded. 
Differences between FRC and TGV results have 
previously been suggested to be due to methodologi- 
cal problems. FRC is measured in an oxygen 
enriched mixture, but TGV in air. Thus, the differ- 
ence in FRC and TGV could be due to resorption 
atelectasis caused by oxygen administration. Boon 
et al. (13) however, found a constant difference 
between TGV and FRC regardless of whether the 
tests were performed in air or oxygen. In addition, 
Geubelle (15) demonstrated a reduction in FRC only 
after 3 min of breathing 90-94% oxygen. In all 
infants in this study, FRC had equilibrated by 90 s, 
so it was thought unlikely that resorption atelectasis 
could explain the differences demonstrated in FRC 
and TGV. FRC was measured using a water-filled 
spirometer which had a total circuit volume of 6 1. 
However, it was considered that the accuracy of data 
in this study would not be impaired as the results 
so obtained were within the range of FRC results 
(22-32 ml kg - ‘) previously reported (4,16-l@. 
The difference in TGV and FRC is presumed to be 
due to areas of the lung which are either non- 
ventilated or ventilated so slowly as to be effectively 
Eight of the 24 patients in this series had an 
FRC:TGV below 0.9, and thus might be considered 
to have evidence of gas trapping, a similar proportion 
was affected in a previous study (4) when a nitrogen 
washout technique was used to estimate FRC. A 
variety of factors may be involved in the development 
and resolution of trapped gas (19). These include the 
lung and chest wall compliance as well as tissue and 
airway resistance (19). In this study, no significant 
difference was found between the RAW of the infants 
with a low FRC:TGV ratio and the rest of the 
cohort, and none of the former group had an abnor- 
mal resistance (11). Thus, in this particular popu- 
lation, gas trapping can not be explained by an 
elevated RAW. Two of the eight ‘affected’ patients 
were studied at 1 day of age and it is tempting to 
speculate that in their cases, the abnormality may 
reflect remaining foetal lung liquid. In the remaining 
six infants, no obvious explanation exists for their 
low FRC:TGV ratio. Differences between indi- 
viduals’ FRC and TGV results were smaller than 
previously documented (4), ranging from l.l-18.2% 
(when expressed as a percentage of the individual’s 
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TGV). Mean FRC was 31.3 ml kg - ’ and TGV was 
40.6 ml kg ~ r in the earlier study (4), which are 
higher than reported either here or in other series 
(Table 2). Thus, it was felt that the large discrepan- 
cies in the FRC:TGV ratio previously documented 
(4) were likely to be due to methodological problems, 
and as a consequence, the magnitude of gas trapping 
in the immediate postnatal period was over- 
estimated. 
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